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ABSTRACT

This report develops and demonstrates a quantitative method for the

preliminary design of effluent standard surveillance systems. The

principal output of the report is a procedure to be used in the state

or EPA water quality programs to determine the frequency of effluent

compliance monitoring visits. The procedure allocates compliance

monitoring budgetary resources so as to minimize environmental

damage. It utilizes a statistical model of the effluents that is

obtained from self-monitoring and compliance monitoring data. The

procedure is demonstrated on an example river basin using data

supplied by the State of Michigan.

This report is submitted in fulfillment of Contract Number 68-01-2232,

by Systems Control, Inc., under the sponsorship of the Office of

Research and Development, Environmental Protection Agency. Work was

completed as of January 1975.
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SECTION I

CONCLUSIONS

A procedure has been developed which determines how often to simple

effluent sources in a compliance monitoring program. The sampling

frequencies depend on the probability each source will be in violation

of its standards, as well as the environmental damage each source is

expected to cause to the receiving waters.

The potential utility of the procedure was demonstrated using data from

30 industries and municipal treatment plants. The sources chosen by the

procedure for monitoring with highest priority were shown to be those

sources most likely to violate a standard and cause environmental damage.

The information produced by the priority setting procedure is applicable to

many types of water quality studies. The statistical descriptions of the

effluents can be used as inputs to water quality models. The environ-

mental damage expected from a source and the probability that a source will

be in violation of a standard can be useful in the jetting of effluent

standards in "water quality limited" reaches of a river basin. The

examination of these quantities quickly tells the user which sources are

expected to have a major effect on water quality. The sensitivity of

these quantities to changes in the standards or loadings can also be

quickly determined.
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SECTION II

RECOMMENDATIONS

The priority setting procedure developed in this report should be

implemented as a user-oriented computer program. Such a program

would be of great benefit to the monitoring agencies in the setting

of sampling frequencies. A handbook should also be developed to

describe the procedure to non-statistically trained personnel.

Notwithstanding the above recommendation, there are certain studies

that can serve to increase the procedure's usefulness:

1) Geographical Considerations. In a river basin, there will exist

groups of effluent sources located in close proximity to each other.

When monitoring one source of the group, it may be beneficial to

monitor another, since the cost of monitoring the sources concur-

rently will be less than the cost of monitoring them at different

times. It is suggested that the priority procedure be augmented

to account for such geographical considerations.

2) Scheduling of Monitoring Visits. Given the sampling frequencies,

the compliance monitor must schedule his inspection crews over

the monitoring period. This can be a difficult and time consuming

job, especially in large regions. It is suggested that a com-

puter program be developed that schedules the monitoring visits

taking into account manpower, equipment and geographical factors.

3) Statistical Analysis. The procedure developed in this report

allows the user to choose between two statistical distributions

to describe each constituent of each source. The user also

can specify whether the constituents of a source are statistically

correlated or uncorrelated. The sampling priorities established
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by the procedure are sensitive to both of these choices. There

has been, however, little study on an industry by industry

basis as to either the distribution of or correlation between

constituents. It is suggested that there be further study

into these statistical considerations.

4) Allocation Criteria. In this report, two allocation criteria are

specified: (A) "Cost" of undetected violations and (B) number

of undetected violators. Additional useful criteria can be specified

within the framework of the present procedure. As examples, consider

the following two criteria: (A') violation "cost" of undetected

violators and (B') degree of violation due to undetected violators.

(A) and (A') both attach a cost, as measured by a damage function,

to the effect due to an effluent source's load on pollutant concen-

tration in a stream. Criteria (A) attaches a "cost" to a pollutant

even if it is not violating an effluent standard while (A') only

considers "vio lat ion cost"  ( i .e . , it is assumed that no damage is

done to the environment if the standard is. not violated). The

rational for using (A') over (A) is that the monitor may only be

interested in damage due to standard violations and not in damage

per se.

(B') is a measure of the degree of violation expected from the

sources in the monitoring region. Thus. under (B'), those sources

who have highest probability of being violators and which are expected

to have loads most over their standard will be sampled with highest

priority while under (B) only the former condition is considered.

Since these criteria may be useful to the monitoring agency, it is

suggested that the priority procedure should be extended to include

these additional allocation criteria.



SECTION III

INTRODUCTION

The Federal Water Pollution Control Act Amendments of 1972 (PL 92-500)

requires the establishment of effluent limitations for all point sources

by July 1, 1977. The effluent limitations* are stated as conditions on

discharge permits issued to all point sources under the National Pollution

Discharge Elimination System (NPDES). The Environmental Protection

Agency or the state is required to establish monitoring programs to

ensure that the effluent sources are in compliance with the standards.

There are three ways the monitoring agency obtains information concerning

the compliance of the dischargers:

(1)

(2)

(3)

Self-Monitoring. The source is required to monitor its effluent

levels and periodically transmit these records to the monitoring

agency.

Compliance Monitoring. The monitoring agency visits the

source to ensure that the self-monitoring is being properly

executed and reported.

Ambient Monitoring. The water quality monitoring of the receiv-
ing waters.

*A distinction is often made between effluent limitation and effluent
standard. In this report these words shall be used interchangeably
to denote a restriction established by the appropriate regulatory
authority on the quantities and/or concentrations of chemical or
biological constituents of point source wastewater.

4



The self-monitoring reports are the principal source of compliance

information used by monitoring agencies since the agency expense to

acquire these data is minimal. Some check is, however, needed on the

reliability of the self-monitoring data. The compliance monitoring

program is set up to provide that check. The compliance program also

has other purposes associated with the permit program, such as verifying

that the plant processes described in the permit are correct, evaluating

new waste removal equipment, reviewing progress toward scheduled pollution

control activities, and monitoring to aid in preparing enforcement

actions. The ambient monitoring is primarily used to determine water

quality, discern trends in water quality, and evaluate the overall

effectiveness of pollution control in a region. Under certain conditions,

however, ambient monitoring may flag effluent irregularities unmeasured

by other means. Through knowledge of the effluent sources that could

contribute to the decline in ambient quality, action can be initiated

against possible violators.

This report is concerned with that part of the compliance monitoring

program that determines whether the sources are in compliance with the

effluent standards. Since the monitoring agency has limited resources

available for compliance monitoring, it is important that these

resources be used in an efficient manner. In this report, a procedure

is developed which determines how often to monitor each source in a

region to obtain maximum benefit from the compliance monitoring program.

The procedure utilizes information from self-monitoring, ambient

monitoring, and past compliance monitoring reports.

There are two types of effluent standards that have been established

under NPDES: (i) a monthly average and (ii) a daily maximum. A source is

in violation if either the value of a daily composite measurement exceeds the

maximum standard or the average of the daily composites, over the month,

exceeds the average standard. In order to determine whether an effluent

5



source is in violation of the average standard, it is necessary to make

measurements over a large percentage of the month; while to determine if

the maximum standard is violated, it is only necessary to determine if

the standard was exceeded over a single day. Since compliance monitoring

is costly to the monitoring agency and since most regions will contain

many effluent sources, it is not expected, in general, that compliance

monitoring resources will be available to determine whether the average

standard is violated. Therefore, in this report compliance monitoring

is limited to determining whether the maximum standard is violated.

The remainder of this report is organized as follows: Section IV

contains a summary of the priority setting procedure developed in this

report. Its purpose is to introduce the procedure to potential users.

Section V develops a statistical characterization of effluent source

constituents and discusses how to obtain the statistical description of

the effluents that is required to initialize the priority procedure. A method

is also presented which specifies how the effluent statistics can be updated

as additional data become available. Section VI formulates the criterion

to be optimized in the priority setting procedure, denoted the "cost" of

undetected violations. Also presented in this section is a discussion

of the relationship between ambient quality and effluent load. Section VII

restates the priority setting problem in terms of an optimization problem

and describes the method used to solve it. Section VIII gives an overall

description of how all the components needed to obtain the monitoring

frequencies interact and presents a simplified example showing the

procedure's operation. Section IX demonstrates the priority procedure

on a detailed example utilizing data supplied by the State of Michigan.

6
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SECTION IV

SUMMARY

The Purpose of this summary is to introduce the procedure developed in

this report to potential users, that is, the compliance monitoring

staff of the state or EPA effluent monitoring programs. This summary

also describes the basic considerations used in the development of

this procedure.

The procedure developed in this report sets priorities as to which

sources should be monitored and with what frequency. The procedure

determines the sampling frequencies so that those sources that have

a high probability of violating their standards and that can be expected

to cause large environmental damage will be sampled with high priority.

The objective in allocating the monitoring resources then is to minimize

the "cost" of undetected violations, or equivalently, the expected

environmental damage that would result from undetected violations. The

"cost" of undetected violations for an effluent source depends on

(1) The expected frequency of a standard violation

(2) The expected magnitude of the violation

(3) The toxicity of the pollutants

(4) The assimilative capacity of the receiving waters at the

discharge points.



These quantities are determined from past compliance and self-monitoring

reports, effluent standards, and knowledge of the receiving water

characteristics and the nature of the pollutants.

The user, at his option, can specify another allocation criterion, namely,

the number of undetected violators. This criterion depends on the

expected frequency of a standard violation.

Both, the “cost” of undetected violations and number of undetected

violators assume that if the monitoring agency catches a violator once in

the monitoring period, this component of compliance monitoring has done

its  job . At this point, it is up to the user to specify any follow-up

actions (e.g., the monitor could elect to stay at the violator's site for

a longer period or specify a given number of further visits during the

monitoring period).

RESOURCE ALLOCATION PROGRAM

The basic flow of the procedure, denoted the Resource Allocation Program,

is given in Figure 4.1. The various components are briefly described below

(1) Initialize Statistical Description

Combine the self-monitoring and compliance monitoring data to

obtain an initial statistical description for each pollutant

of each source.

(2) Calculate Expected Damage and Probability of Violation

Use the statistical description of the effluent loads, the

effluent standards, and the stream parameters to obtain, for

each source, its expected environmental damage and its pro-

bability of violation of the standards.

8



Figure 4.1 Resource Allocation Program.
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(3) Determine Priorities

Allocate the monitoring resources to minimize the "cost" of

undetected violations.

(4) Monitoring Schedule

Take the sampling frequencies obtained in the previous com-

ponent and determine which day of the monitoring period to

sample which sources.

(5) Monitoring Period

This component represents the actual time spent monitoring the

sources.

(6) Update Statistics

Combine new self-monitoring and compliance data with the

initial statistics to obtain an updated statistical description

of the effluents for use in the next monitoring period

allocation.

This procedure has been implemented as a computer program to minimize

the need for data handling and hand calculations. In the remainder of

this section, several of the components of the Resource Allocation Program

are described in more detail.*

Initialize Statistical Description

The daily composite value of each constituent of each source for which there

is a standard is modeled by a probability density function or frequency

distribution. The area under the density function between any two values of

effluent specifies the fraction of the time the output of the source is

between those two values. The area under the density function from zero to

infinity is, clearly, always one. By allowing two types of density functions,

normal and lognormal, a wide range of effluent loadings can be modeled

with sufficient accuracy for determining sampling priorities. The normal

*For a description of the theoretical foundations of this procedure,
refer to Sections V through VIII.
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density function is the standard "bell-shaped" frequency distribution. An

effluent load is distributed with a lognormal distribution if the logs
of the effluent values have a normal density function. Examples of a

normal and lognormal density functions are shown in Figures 4.2a and

4.2b. Both the normal and lognormal density functions are parameterized

by two parameters, a mean and a standard deviation. (For the lognormal

case the mean and standard deviation are of the logs of the effluent

values.) These parameters are obtained for each constituent of each

source from the self-monitoring and compliance monitoring data. The
parameters are then fed into the next stage of the Resource Allocation

Program.

Calculate Expected Damage and Probability of Violation

The monitoring frequencies depend on the environmental damage each source

is expected to cause and the probability that each source is in violation

of its standards. The environmental damage is related to the concentration

of the water quality indicators in the receiving waters corresponding to

the constitutents of the effluent. A value from 0 to 10 is given to each

value of concentration depending on the degree of damage to the environment;

this relationship is subjective and can be changed to meet the requirements

of the user. The expected damage due to the constituents is then found

by calculating the concentration of the pollutants in the receiving waters

due to the source load, and then determining the environmental damage.

The probability of violation of the daily standard for each constituent is

simply the area under the constituent's density function to the right of the

effluent standard. The environmental damage due to all the constituents from

a source is the maximum of the damages due to each of the constituents,

since water quality is typically limited by the pollutant causing the

most damage. The probability of any of the constituents in the effluent

exceeding its standard is a simple function of the probabilities that

each individual constituent exceeds its standard. The expected damage

and probability of violation of each source is fed into the next stage

of the Resource Allocation Program.

11



Figure 4.2a Example of normal density function.
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Figure 4.2b Example of lognormal density
function.

13



Determine Priorities

The criterion for the priority setting procedure, the "cost" of undetected

violations, is defined as the expected damage that would occur due to

undetected violations. This function depends on the expected damage and

probability of violation of each source. As a source is sampled more

times, the "cost" of undetected violations for that source decreases

since the probability decreases that the source will not be found in

violation on any one of the visits. The priority procedure then allocates
the monitoring resources to visit those sources where the marginal return

(i.e. the decrease in "cost" per dollar spent) is greatest. Therefore,

given a monitoring budget or a maximum allowed "cost" of undetected

violations, the priority procedure specifies the frequency with which

each source should be sampled in the monitoring period. It should be

noted that the criterion can be easily altered to represent only

the number of undetected violators. This is done by setting

all the expected damages to one. In this case, the monitoring resources

will be allocated to those sources whose decrease in the probability of

not detecting a violation, per unit dollar, is greatest.

Examples of the output of this stage of the Resource Allocation Program,

for a hypothetical example, are given in Figures 4.3, 4.4, and 4.5.

Figure 4.3 gives the initial allocation of resources along with the

resources used and the "cost" of undetected violations after allocating

the samples. The initial allocation is based on subjective factors such

as a desire to monitor sources of a certain size at least once, or a desire

to monitor certain sources in a region where water quality is known to

be bad. Figure 4.4 shows the marginal return and the decrease in

"cost" of undetected violations as the resources are increased. The

list is ordered by the marginal return, or equivalently by the priority

of monitoring the sources. The first source on the list should be

monitored with highest priority, the second source with next highest

priority, etc. Thus, given a limit on total resources or a maximum

allowed cost of undetected violations, Figure 4.4 contains all the

information needed to obtain the priorities. Figures 4.5a and 4.5b show

the "Final Allocation" table for this example. In Figure 4.5a a budget

limit is given, while in Figure 4.5b a maximum "cost" of undetected

violation is specified.

14
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Figure 4.3 Initial Allocation Table
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Figure 4.4  Priority  List  of  Samples
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Figure 4.5a Final Allocation Given Monetary Budget
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Figure 4.5b Final Allocation Given Maximum
Allowed "Cost" of Undetected Violations



Update Statistics

After monitoring the sources over the monitoring period, new compliance

monitoring and self-monitoring data become available. These data are then

used in determining the priorities for the next monitoring period. The
statistical descriptions (i.e. mean and standard deviation) of the effluent

constituents can be updated to include this new information. Upon updating

the statistics, the compliance monitor is ready to repeat the priority

setting procedure so as to obtain the sampling frequencies for the next

monitoring period.

Detailed examples are presented in Sections VIII.2 and IX illustrating

the use of the Resource Allocation Program.
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SECTION V

STATISTICAL CHARACTERISTICS OF EFFLUENT STREAMS

The priority setting procedure for compliance monitoring requires that the

daily composite effluent loads, due to their inherent variability, be modeled
statist ical ly . Among the questions that must be addressed in developing

a statistical model are:

What probability distributions adequately model the effluent

data?

What is the statistical correlation between the various

constituents of the effluent from a source?

What is the time-varying nature of the statistics?

Section V.1 shows, for several example sets of data, that the normal and

lognormal distributions adequately model the statistics of the daily composite

effluent loadings. In order to decide whether to model a particular consti-

tuent by a normal or lognormal distribution, it is necessary to process

a large amount of daily data. It is not expected that the individual monitor-

ing agency will have the resources to analyze the daily data of each source

in its jurisdiction. It is only postulated that the monitoring agency will

have a monthly mean and maximum for each constituent of each source in its

jurisdiction. It is only postulated that the monitoring which distribution

can be associated with a given industrial process. Since this information is

unavailable at the publication of this report, several guidelines are specified

on how to choose between the normal and lognormal cases.

The normal and lognormal distributions are parameterized by a mean and

a standard deviation. (For the lognormal distribution, the mean and

standard deviation are of the logs of the data.) Since it is only assumed

that the monthly mean and maximum, and not the sample standard deviation,

are available to the monitor, the standard deviation of the normal
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process has to be estimated using nonstandard estimation procedures.

The situation is more complicated for the lognormal case, since neither

the sample mean of the logs of the data nor the sample standard deviation

of the logs of the data are available. Appendix A develops approximate

maximum likelihood estimates of the mean and standard deviation from the

sample mean and maximum of the data for both the normal and lognormal cases.

These estimates are tested on real data in Section V.1 to show that they,

coupled with the associated distributions, adequately describe the statistical

variations. The case is slightly more complicated for pH. The data for pH

available to the monitor will include a maximum and a minimum monthly value

and possibly a mean monthly value. If a mean value is given, the pH can be

modeled by a mean and two standard deviations - one based on the mean and the

maximum, the other based on the mean and the minimum. The estimates of the

standard deviations are based on the procedures just discussed. The resulting

density function has a shape shown in Figure 5.1. If a mean is not given,

the mean and a single standard deviation can be estimated from the minimum

and the maximum. This estimation procedure is also given in Appendix A.

There has been little study into the statistical correlation of the

constituents of an effluent. As with the problem of determining the

appropriate distributions, it is not expected that the monitoring agency

would be able to determine the correlation of the constituents of the

sources in its jurisdiction. It is therefore necessary that the correl-

ation coefficients be obtained from industry-wide studies. Since these

are unavailable at the present time, it is assumed, unless other know-

ledge is available, that the constituents from a source are uncorrelated.

The priority setting procedure also allows for the case where the

constituents are completely correlated. In Appendix B, a correlation

study for a single municipal treatment plant is carried out. It  is  c lear

that no general conclusions can be reached from the analysis of one water

treatment plant. The analysis has shown the variability in the correla-

tion parameters from month to month and the problems inherent in choosing
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Figure 5.1 Example of probability density function of pH.
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between the hypotheses of uncorrelated constituents and correlated

constituents.

The time-varying nature of the statistics comes from two sources: (1)

periodic variations due to weekly, monthly, or seasonal variations and

(2) trends due to changes in the plant processes. The weekly and monthly

variations are averaged out in the input data (i.e., monthly mean and

maximum). These variations if known, should be taken into account

when determining when, in a monitoring period, to monitor a particular

source. The seasonal variations and trends are taken into account in

the statistical characterization by discounting past information and

updating the statistics as new data become available.

The specific procedures used in the Resource Allocation Program to

obtain the initial statistical description of the effluent sources and

to update the statistics as new information becomes available are

discussed in Sections V.2 and V.3 respectively.

V.1 CHOICE OF DISTRIBUTION

Testing for Distribution Acceptability

This subsection addresses the problem of what probability distribution or

distributions are appropriate to describe the inherent variability of

effluent constituents. Based upon previous studies [1], [2] as well as

operational considerations (i.e., implementation feasibility), the normal

and lognormal distributions have teen chosen as candidates. A statistical

testing procedure [3], namely the Kolmogorov-Smirnov (K-S) test, is used

to test whether it is "acceptable" to consider the effluent data as being

described by a certain probability distribution.

The statistical test whether to accept the "null hypothesis" (Ho), that

the distribution is normal (or lognormal), is subject to a given proba-

bility of error of rejecting H when it is true. This probability of0
error, denoted a, is called the "level of significance" of the test.
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If Ho is accepted when cc, the allowed probability of incorrectly reject-

ing Ho, is large, then the probability that Ho is true is high. The

Kolmogorov-Smirnov test compares the deviations of the empirical prob-

ability distribution from the assumed distribution. The smaller the

largest observed deviation, the higher is the "significance" of the null

hypothesis, i.e., that the observed variables come from the assumed dis-

tribution.

The Kolmgorov-Smirnov test will now be applied to Palo Alto Municipal

Waste Treatment Plant data* to determine whether the normality or log-

normality assumption can be accepted, and at what level of significance.

The test is done on BOD, suspended solids, and coliform data.

The BOD data for July 1973 are considered first. A plot of the observed

cumulative distribution and the normal distribution with the sample mean

and sample variance appears in Figure 5.2. The distributions are plotted

versus

the deviation of the loading, x, from the mean, u, normalized by the

standard deviation, cr. In this case the sample mean and standard devia-

tion are used. The solid line is the standard normal distribution, with

zero mean and unit standard deviation. The points denoted by "A" in the

figure are the normalized deviations of the measurements from their mean

and this is used to test the normality assumption. The lognormality

assumption is tested by plotting the normalized deviations of the logs of

the measurements from the mean of the logs (denoted "0" on Figure 5.2).

The K-S test determines whether the maximum deviation between the sample

distribution and the assumed distribution exceeds the critical value for

a given level of significance. The critical values, i.e., the maximum

* Data obtained from Palo Alto Wastewater Treatment Plant Automation
Project [4].
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Figure 5.2 Kolmogorov-Smirnov test Figure 5.3 Kolmogorov-Smirnov test for
for BOD data. suspended solids (dry month).



allowable deviation for a given level of significance for the Kolmogorov-

Smirnov test, are shown in Table 5.1. The number of data points used for

the plot of Figure 5.2 was 29 and, as can be seen, the maximum deviations

are about 0.1 for both normal and lognormal assumptions. This shows that

either of the hypotheses is acceptable at a level of significance over

20%, which is quite high.* In the statistical literature it has become

customary to use 5% level of significance; thus in the present case the

results are more significant than the customary required level for accept-

ance of Ho.

Table 5.1 CRITICAL VALUES, d,(N),  OF THE MAXIMUM ABSOLUTE
DIFFERENCE BETWEEN SAMPLE AND POPULATION
CUMULATIVE DISTRIBUTIONS [3].

Sample
size
(N)

5

10

15

20

25

30

35

over 35

Level of significance (cx)

0.20 0.15 0.10 0.05 0.01

0.446 0.474 0.510 0.565 0.669

0.322 0.342 0.368 0.410 0.400

0.266 0.283 0.304 0.338 0.404

0.231 0.246 0.264 0.294 0.356

0.21 0.22 0.24 0.27 0.32

0.19 0.20 0.22 0.24 0.29

0.18 0.19 0.21 0.23 0.27

1.07 1.14 1.22 1.36 1.63

*Since the empirical distribution is compared here to an assumed distri-

bution with estimated rather than true parameters, the actual level of

significance is somewhat lower (see Kendall and Stuart [3]).
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In the case of the suspended solids data from a dry month presented in

Figure 5.3, the largest deviation for both normal and lognormal assump-

tions are below 0.1. Therefore one can accept either of these assump-

tions at 20% level of confidence. For a wet month, the suspended solids

data, as shown in Figure 5.4, exhibit a large deviation under the normal

assumption, but this hypothesis is still acceptable at 15% level of signi-

ficance; the lognormal assumption is accepted at a level of significance

larger than 20%.

A set of 28 coliform measurements (Jan. 1974) are plotted in Figure 5.5

to test their distribution via the Kolmogorov-Smirnov method. Using

Table 5.1 it can be seen that the normal assumption is rejected even at

a low level of significance of 1%, while the lognormal assumption is

accepted at a 15% level.

The conclusion is that, except for coliforms, the normal and lognormal

hypotheses are both acceptable. For the coliform data the normal

assumption is not adequate because of its rather large range of variabil-

ity and the skewness of the frequency histogram.

Fitting of Distributions to Real Data

This subsection compares how well the following statistical assumptions

fit the data.

(1) Normal distribution - mean equals sample mean and standard

deviation equals sample standard deviation.

(2) Normal distribution - mean equals sample mean and standard

deviation estimated from mean and maximum value (obtained with

the procedure of Appendix A).

(3) Lognormal distribution - mean of logs equals sample mean of logs,

standard deviation of logs equals sample standard deviation of

logs.
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Figure 5.4 Kolmogorov-Smirnov test for sus- Figure 5.5 Kolmogorov-Smirnov test for coliform
pended solids (wet month). data.



(4) Lognormal distribution - mean of logs equals sample mean of

logs , standard deviation of logs estimated from mean and

maximum value of logs (obtained with the procedure of

Appendix A).

To determine which distribution fits the data best, the data are plotted

on normal probability paper. The normal distribution then appears as a

straight line. The lognormal assumption is also a straight line if the

distribution of the logs of the data is plotted. This technique was

used, as opposed to the more sophisticated tests such as the K-S test,

for the following reasons:

It gives a simple visual test of the various assumptions.

It can be easily used to determine if the data agree with

the assumed distribution for large values of the consti-

tuent  ( i .e . , at values where a violation or damage will

occur).

This procedure is demonstrated on daily data of both effluent concentra-

tion and effluent loadings over either a six-month or twelve-month period

for the non-fertilizer phosphorus chemicals industry and the inorganic

chemicals, alkali, and chlorine industries [5], [6]. Table 5.2 describes

the various cases and includes the sample mean, sample standard devia-

tion, maximum and estimated standard deviation (from mean and maximum).

(For the lognormal cases, the statistics are of the logs of the data.)

The figures are distributions plotted on normal probability paper so

that a normal process will lie close to a straight line. The data are

normalized so that the sample mean equals zero and the sample standard

deviation equals one. For each case, the following two normal distribu-

tions are compared: the means are equal to the sample mean for both

cases; the standard deviation for one case is equal to the sample standard,

deviation, and for the other case, is equal to the estimated standard

deviation from the sample mean and maximum. Figures 5.6a through 5.12a
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show the corresponding histograms. From these histograms, we see that

the density functions in Figures 5.6a, 5.7a, and 5.8a are of the normal

shape, the density function is Figures 5.9a and 5.10a are somewhat of a

normal shape, and the density functions in Figures 5.11a and 5.12a are

far from normal. Examining the figures, the following conclusions can

be drawn:

The data in Figures 5.6, 5.7, and 5.8 fall closer to the

normal (as opposed to lognormal) distribution. Good fit to

the data is obtained, under the normal assumption, by using

either estimate of the standard deviation.

The data in Figures 5.9 and 5.10 are fit equally well by the

normal or lognormal distributions. The fit to the data using

the estimated standard deviation (from mean and maximum) is

better for large values of the constituent than the fit

obtained using the sample standard deviation.

The data in Figures 5.11 and 5.12 fit the lognormal distribution

better.

From these few examples, it is not possible to make any general state-

ments assigning either normal or lognormal distributions to an industry

or a constituent. However, the following tentative conclusions can be

made:

The normal and lognormal distributions with the standard

deviation estimated from the mean and maximum give a good fit

to the data for many cases.

A better fit for large values of constituent is obtained when

the standard deviation is estimated from the mean and maximum

as opposed to using the sample standard deviation.
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Figure 5.6a Histogram of phosphate concentration data at plant 144.

Figure 5.6b Normal.

Figure 5.6c Lognormal.
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Figure 5.7a Frequency distribution of effluent phosphate
daily discharge at plant 159.

Figure 5.7b Normal.

Figure 5.7c Lognormal.
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Figure 5.8b Normal.

Figure 5.8a Frequency distribution of effluent chloride ion
discharge at plant 030.

Figure 5.8c Lognormal.
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